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Abstract

The thermal decompositions of ammonium metavanadate, molybdic acid and ammonium
phosphomolybdate supported on carborundum or silica were subjected to non-isothermal kinetic
study. The compensation effect is discussed in connection with the quantitative estimation ol the
support cflect.
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Introduction

In order to obtain supporied catalysts, the thermal decomposition of the precursor
on the support is a compulsory step. The thermal stability of any compounds varies
to a rather significant extent on change from the pure bulk to a supported stale; de-
pending on the magnitude of this variation, a support is characterized as ‘inert’ or
‘active’. A knowledge of the thermal behaviour of precursor/support systems is of
great importance {or the development of industrial catalysts.

Use ol the methods of non-isothermal kinctics [1] to investigate the thermal be-
haviour of precursor/support systems indicates that the currently observed compen-
sation clfect |2] can be regarded as a support cffect [3, 4].

The aim of the present paper was to study the support effects of carborundum (C)
and <ilica (8) in the thermal decompaogitiong of ammonium metavanadate (V),

molyhdic acid (A) and ammonium phosphomolybdate (P).

Experimental

Details on the prepared samples, with different concentrations of supported sub-
stance, are presented in Table 1. In order to avoid the effects of thermal gradients,
comparative samples of mechanical mixtures with the same concentration were pre-
pared.

The thermat curves were recorded with a Q Derivatograph (MOM, Budapest) in
slatic air atmosphere with the corresponding support as reference compound in a
platinum crucible; the heating rate was 10 K min™ in the range 300-1200 K.
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Table 1 Characteristics of the studied samples

Symbol Support Type of sample Conc./m% Symbol Support Type of sample Conc./m%

Ammonium metavanadate

VCMI0 10 VCS10 10
VCMI15 15 VCS1s 15
VCM20 Sic mixed 20 VCS20 sicC supported 20
VCM30 30 V{S30 30
YCM40 40 VCS40 40
VSMI10 10 VESI0 10
VEMI15 15 Y5515 15
VEM20 510, mixed 20 vsgag  Si0; supported 20
VSM30 30 V8530 30
VSM40 40 VS840 40
Molybdic acid
MCM10 10 MCS10 10
MCMI15 15 MCS15 15
MCM20 SiC mixed 20 MES20 Sic supported 20
MCM25 25 MCS25 25
MCM30 30 MCS30 30
MSMI10 10 MSSI10 10
MSMI5 15 MSS135 15
Msmon 510 mixed 20 Mssa0  Si0: supported 20
MSM25 25 MSS25 25
MSM30 30 MSS30 30
Ammonium phosphomolybdate
PCM 10 10 PCSI10 10
PCMIS 15 BCS15 15
PCM20 SiC mixed 20 PCS20 SiC supported 20
PCM25 25 PCS25 25
PCM30 30 PCS30 30
PSM10 10 PSStO 10
PSM15 15 P55815 15
PSM20 8i0, mixed 20 PSS20 Si0, supported 20
PSM25 25 PSS25 25
PSM30 30 PSS30 30
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The derivatograph was coupled to a PC, a special program being uscd for the ac-
quisition and processing of the experimental data.

Results and discussion

The kinetic parameters presented in Table 2 were evaluated by the Popescu-Segal
method [5, 6], using the Flynn-Wall-Ozawa equation. The validity of the method ap-
plied and the accuracy of the results are indicated by simulation of the TG curves, as
given in Fig. 1.
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Fig. 1 Simulated x vs. ¢ ("C) curves and the experimental paints (g); x=1-0r , where ic the

corresponding value of conversion

Support effect

The values of E and InA (Table 2) exhibit an obvious lincar dependence for the
same precursor/support pairs at different concentrations (Fig. 2). This compensation
cffect is cxpressed by

InA =bE +¢ (h

The slope b corresponds Lo the isokinetic temperature ©:
b= (RO (2}

which is thought 10 be a certain decomposition temperature [7]. The data are sys-
tematized in Table 3.

The difference between @, (for the suppotted precursor) and the corrcsponding
0, (for the mechanical mixture) is a parameter suggested as an indicator of the
magnitude of the support cffect. Indeed, for metavanadale on carborundum, a differ-
ence of 8 K is rather negligible, but a A® higher than 40-80 K is cvidence of a sup-
port effect.

Unexpecledly high A® values for molybdic acid and ammonium phospho-
molybdate on carborundum demonstrate a certain influence of SiC as support, but in
any case it is smaller than that of SiO,.
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Table 2 Kinetic parameters from the Flynn-Wall-Ozawa equation: InF=-1/RT+In(A/u)+
In(L/R)-5.33

Sample Fn\/ _s InA " Sample E"]/ -5 InA n
J mol™-10 I mol -10

VCMI10 1.53 34.98 0.9 VCS10 1.07 23.04 09
VCMI5 1.57 34.99 0.9 VCS15 1.53 33,75 v
VYCM20 1.74 37.95 0.9 VCS20 1.77 38.99 09
VCM30 1.41 30.55 9 VCS30 1.38 2947 09
VCM40 1.21 26.30 0.9 V340 1.29 28.03 09
VSMI10 1.29 29.23 09 VSS10 1.14 24.79 0.9
VEMIS 1.72 37.75 0.9 VSS815 1.14 2536 05
VEM20 1.33 38.99 0.9 V8520 1.26 27.84 0.9
VEM30 1.21 20.17 0.9 V8830 1.24 2691 0.9
VSM40 1.23 28.03 0.9 V8540 1.49 30.33 0.9
MCMI10 3.25 60.83 1.7 MCS10 1.0l 2215 1.5
MCMI5 2.09 49.02 1.7 MCS15 i85 42,59 1.5
MCM20 i.62 3252 1.7 MCS20 2.21 50.23 1.5
MCM25 2,15 44.65 1.7 MCS25 1.99 52.94 L5
MCM30 1.63 36.41 L7 MCS30 1.05 27.83 L5
MSM10 2.29 52.77 1.7 MSS510 2.25 53.36 2.9
MSMI5 1.83 40.06 1.7 MSS15 1.36 32,29 29
MSM20 1.91 39.74 1.7 MSS20 1.08 23.96 2.9
MSM25 1.54 31.99 1.7 MSS25 2.47 53.52 29
MSEM30 2.28 49.15 1.7 MSS30 1.40 3L 2.9
PCMI10 325 69.835 0.9 PCSH0 101 2215 0.9
PCMI5 2.09 49.02 0.9 PCS135 1.85 42.59 09
PCM 20 .62 32,52 0.9 PCS20 2.21 50,23 .Y
PCM25 2,15 44.65 0.9 PCS25 1.99 52.94 0.9
PCM30 1.63 36.41 0.9 PCS30 1.05 27.83 0.9
PSM 10 2.29 52.77 0.9 PS50 2.25 53.36 1.3
PSM15 1.83 40.06 0.9 PSS15 1.36 32.29 1.3
PSM20 1.91 39.74 09 PSS20 1.08 23.96 1.3
PSM25 1.54 31.99 0.9 P3825 247 53.52 1.3
PSM30 2,28 4015 0.9 bES10 1.40 31.11 1.3
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Fig. 2 Diagrams of the compensation effect

Conclusions

1. The thermal behaviour of ammonium metavanadate, molybdic acid and am-
monium phosphomolybdate supported on carborundum or on silica was investi-

gated.
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2. The non-isothermal kinetic parameters determined at different precursor con-
centrations reveal a compensation effect, considered to be a support cffect.

3. The difference between the isokinetic temperatures of the supporied and the
mixcd sample is suggested as an indicator of the magnitude of the support effect.

4, Carborundum exerts an obviously smalier cffect than that of silica on the ther-
mal decomposition of the supported precursor.

Table 3 [sokinetic temperature ©

Effect of deposition

Support /K
P AGL:G)3A|L>7 it
VCM 522
SiC -8
YCS§ 514
VSM 544
Si0, +43
VSS 587
MCM 4
SicC 33 43
MCS 478
3 MSM 402.9
$i0, 89.5
MSS 492.4
sic PCM 548.5 312
PCS 497.3
463.7
510, PSM 88.1
PSS 551.8
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